The kinetic parameters of ten different enzymic mechanisms in which bimolecular transfer reactions occur concomitantly with the hydrolysis of the donor molecule have been studied. The usefulness of these parameters for making a choice of mechanism is discussed. The analysis has been extended to the use of alternative substrates in bimolecular transfer reactions that proceed without the hydrolysis of the donor molecule. 
The kinetic parameters of ten different enzymic mechanisms in which bimolecular transfer reactions occur concomitantly with the hydrolysis of the donor molecule have been studied. The usefulness of these parameters for making a choice of mechanism is discussed. The analysis has been extended to the use of alternative substrates in bimolecular transfer reactions that proceed without the hydrolysis of the donor molecule.
In aqueous solution, some enzymes catalyse both a transfer reaction XY + HZ :z± XZ + HY and the hydrolysis of the XY molecule XY + HOH i± XOH + HY i.e. the transfer reaction is in competition with an unavoidable hydrolysis reaction, both reactions being catalysed by the same enzyme and yielding a common product HY. This situation makes it very difficult to select, from among the several possible mechanisms, the one through which the two reactions proceed. The purpose of this paper is to present an analysis ofthe kinetic parameters ofenzymic systems in which such concomitant reactions occur and to offer an approach that may be useful in making a choice of mechanism. These theoretical analyses have been applied to the study ofthe mechanism ofaction of the exocellular DD-carboxypeptidases-transpeptidases from Streptomyces strains R61 (Frere et al., 1973) and R39 
Nomenclature Symbols
The following symbols are used: E = enzyme; A = acceptor, i.e. HZ above; D = donor, i.e. XY above; T = product of the transfer reaction, i.e. XZ above; Hy = product of the hydrolysis reaction, i.e. XOH above; P = the product common to both reactions, i.e. HY above; G, F = a modified form of the enzyme (E-X); vT = initial velocity of Vol. 135 the transfer reaction; vHYy initial velocity of the hydrolysis reaction; vp = initial velocity of the total reaction, i.e. the production of P; I = inhibitor.
Chemical activity
The chemical activity ofthe acceptor and that ofthe donor are considered as being equal to their respective concentrations. The chemical activities are represented by the use of parentheses: (A) and (D) .
The concentration of water is 55M. Under these conditions, the chemical activity of water is not equal to its concentration. This factor has not been used as a variable for the following reasons. (1) Although the amount of water in a reaction mixture can be experimentally modified, the corresponding water activity is exceedingly difficult to estimate.
(2) The variations in the reaction velocities that can be induced by altering the amount of water in the reaction mixtures are complex and factors other than the water activity are involved, such as, for example, the viscosity of the solution and the changes that may occur in the quaternary and tertiary structures of the enzyme molecule.
Mechanisms
Ten different mechanisms have been analysed, i.e. the mechanisms in which the donor D binds first to the enzyme (mechanisms A, B-1, B-2, C-1 and C-2), the rapid-equilibrium random mechanism (mechanism D) and, finally, the mechanisms in which the acceptor A and water bind first to the enzyme (mechanisms E-1, E-2, F-1 and F-2). These mechanisms are described by using the graphical representations of Cleland (1963 (Wong & Hanes, 1962 Since the reaction is taking place in a buffered solution, the proton is not usually considered as a reaction product. Hence this mechanism has not been analysed.
(E) Theorell-Chance mechanisms: depending upon the order of release of the products (P, T and Hy), two possibilities exist (see Scheme 5: E-1 and E-2).
(F) Ordered pathway mechanisms: depending upon the order of release of the products (P, T and Hy), two possibilities exist (see Scheme 6: F-I and F-2). 
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(5) (Fig. 1) . A similar case of 'asymptotic linearity' was discussed by Petterson 1973 (4), (8), (12), (16), (20) and (24) (28), (32), (36) and (40) in Appendix 1. t The equations (6) and (7) of Table 1 are similar to those obtained by Fromm (1964) for the mechanisms B-2, C-2 and D. However, Fromm's proposal was that l/vp versus 1/(D) for different (A) in the case of mechanism D was non-linear, whereas it is proposed here that these double-reciprocal plots give rise to non-converging lines. One should note that (with the presently used nomenclature) Fromm (1969, 1972) . Graph (c) in Fig. 1 is the only one that shows an important deviation from linearity at low values of x. When the values of the coefficients a, b, c, d and e are such that graphs of the type (a), (b) or (d) (Fig. 1) Table 6 . These features make it possible to distinguish between random and ordered mechanisms and, for the ordered mechanisms, to determine which of the two substrates A or D binds first to the enzyme.
Equations (7), (11), (15) and (19) and equations (1), (13), (17), (21), (33) and (37) are similar to those Vol. 135 derived by Fromm (1964) and Rudolph & Fromm (1970) .
When mechanisms with alternative substrates are analysed, the term ax2 +bx+c dx+e (where x is the inverse of the concentration of the common substrate) also occurs in some equations and therefore the interpretation of the double-reciprocal plots may also be difficult. The results obtained with liver alcohol dehydrogenase (Rudolph & Fromm, 1970) obviously correspond to graph (c) of Fig. 1 . Where results give rise to graphs (a), (b) or (d) (Fig. 1) , the ratios VT1/VT2 and VT1/VT3 are more useful parameters. These ratios depend upon the concentration of the common substrate if the reaction follows an ordered pathway in which the common substrate binds last to the enzyme (Table 6 ).
Discussion
When a transfer reaction is in competition with an unavoidable hydrolysis reaction that is catalysed by the same enzyme, the usual kinetic parameters are so complex that it is difficult to extract useful information from them. Furthermore, ambiguity can also arise from practical limitations. For example, curves that are characterized by general non-linear equations may present themselves as straight lines, and furthermore distinguishing between converging and nonconverging lines may be very difficult. For these reasons, the ratio VTIVH, appears to be the most useful and dependable parameter. If the ratio VT/VHY is independent of(D), the mechanism either is ordered and D binds first to the enzyme or is random. If the ratio VT/VHY is a function of (D) of the general form [f+g(D)]/[h+i(D)], A binds first to the enzyme. Moreover, this ratio VTIVHY remains a valuable parameter even if 'non-symmetrical' mechanisms are involved in the enzymic system. Finally, a choice of mechanism can also be approached through the use of competitive inhibitors.
With transfer reactions occurring in the absence of hydrolysis, the use of alternative substrates is a useful means for the unravelling of the enzymic mechanism that is involved in the reaction. The effects of the concentrations of the substrates [(A1), (A2) and (D1), (D2)] on the ratios VT,/VT2 and VT /VT are also especially instructive. In one particuiar case, however, the ratios VT1/VT2 and VT1/VT3 are independent ofthe concentration ofthe common substrate even when the common substrate is fixed last to the enzyme. This situation occurs when f/h = g/i = n and f'/h' = g'/i' = n' (Table 6 ). It should be understood that in such an instance the usual doublereciprocal plots do not, however, allow us to determine which of the substrates is bound first to the 
D2, alternative substrate of D1; A1, common substrate (DI) enzyme. It has been suggested by Rudolph & Fromm (1970) that, when obtaining a good alternative substrate is a difficult undertaking, the problem can be circumvented by using a radioactive substrate and the non-radioactive compound as the alternative substrate. It can be demonstrated (Appendix 3) D2, alternative for D1; Al, common substrate Ratio VT,/VT3 Proportional to (D1)/(D2) Independent of (Al) Proportional to (D1)/(D2) Independent of (Al) Proportional to (D1)/(D2) Proportional to f'+g '(Al) that, under these circumstances, the above condition f/h = g/i is fulfilled. Therefore the isotope competition appears not to be a useful means for selecting from among several possible mechanisms.
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